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Motivation

JPL Multimission Instrument Processing Laboratory (MIPL)

-  PDS is a long-term archive (50+ years)
— Holdings are thus limited to static data
- Flight missions provide lots of services while active
— Servers, databases, interactive mechanisms
— Could be considered “short-term archive”
 Available during the mission
« 6-12 months after mission end to support closeout
- There is nothing formal in between
- Thus the question:

Is there a need for a medium term (5-10 year) archive?
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What Kinds of Services?

JPL Multimission Instrument Processing Laboratory (MIPL)

-  Most modern missions have servers and software to access their data
— These would often still be of benefit after the mission ends

- Some examples will help clarify
— These are systems with which the authors are most familiar
— Many other examples

e
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Marsviewer

JPL Multimission Instrument Processing Laboratory (MIPL)

- System of data servers with Java, JavaScript, or iOS client, used for
browsing data from MSL, MER, PHX, InSight, Mars 2020. Visualizes
image data and derived data — XYZ, range, slope, etc.

N\ Mars Image Viewer

File Options Image Window Help

Filter Attributes : i @ All ) Nominal Linearized i
“|Zoom: (100 % = View Overlays |Geometry: _ Special Flag: |[ALL | = ||Stage: ‘ALL | Operator Controls
Instrument: = i ) Raw () Actual Linearized

‘| Path: jproj/mslfredops/ods/surface/sol /01400 /opgs/rdr/ncam/NLE_52 177755 7XYZ_FO55222 2NCAMODES 4M 1.IMG
Product Type: = : T e

L-Full_ “sppL [ SMGL | SHDL | SNTL | ARML | ARPL [ RUDL | RUTL | MCEL-) | MCRL-] | RNEL | TENL | TERL | XVEL |

Camera Eye: =
_ DSPL | DSRL | MDSL [ mMxyL | mMxyL-) | xyML | XYRL | XvZL [ RNGL [ RNML-J [ RNRL [ uvsL | uwwL | SLPL
[¥] Thumbnails Allowed d _A-Full " gip T sRD. | sMG_ | SHD_ | SNT_ | ARM_ | ARP_ | RUD_ | RUT. | RNE. | X¥E. | ILTL | RADL | RASL | DFFL
: EDR. [ ILT_ | RAD_ | Ras_ | DFF. | DsP. | DSR. | mDs_ | mxv_ [ xym_ [ XyR_ [ XvZ_ | RNG_ | RNR. | Uvs_
SOL Selection R F T i : 3 - T T AT,
[JUNK soL: 14005 X . > * . . T
EDR List

Refresh List |

[] Filter: ]

LD 3217 T LI0OCUR_ U3 IZLLENCAMTUTZOL
NLB_521777189EDR_F0552222NCANDD2610— -
NLE_521777220EDR_F0552222NCAN00261 b
NLE_521777252EDR_F0352222NCAND0261
NLE_521777284EDR_F0552222NCAN00261
NLE_521777494EDR_F0352222NCAND0654
NLE_521777525EDR_F0552222NCAN00654
NLE_521777557EDR_F0552222NCAN00654
NLE_521777581EDR_F0552222NCAND0654
NLE_521777613EDR_F0552222NCAN00654
NLE_521779178EDR_F0352222CCAM15900)
NLE_521785393EDR_F0552222NCAND7 753
NLE_521785423EDR_F0352222NCAND7 753
NLE_521785454EDR_F0552222NCAND7 753
NLE_521785485EDR_F0552222NCAND7 753
NLE_521785576EDR_F0552222NCAND7 753
NLE_521785607EDR_F0552222NCAND 7753
NLE_52178563BEDR_F0552222NCAND7 753
NRE_521758514EDR_M0552098NCAND0S536!
NRE_521758547EDR_M0552098NCANDOS36!
NRE_521758580EDR_M0552098NCAND0536!
NRE_521758613EDR_M0352098NCANDOS36!
NRE_521758646EDR_M0552098NCANO0536!
NRE_5217586 79EDR_M0552098NCAND0536!
NRE_521758712EDR_M0552098NCANDOS36!
NRE_521758745EDR_M0552098NCANO0536!
RLE_521777121EDR_F0552222RHAZ003110 =

< I T [»| || Line: 258 Sample: 464 View DN Window ‘

\Overlays enabled.
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PLACES

JPL Multimission Instrument Processing Laboratory (MIPL)

- Active database containing MSL rover localizations (where the rover
is). Data is extracted to PDS archive now, but server provides

additional functionality: coordinate translation and maintenance of
user-created localizations.

® O ® /[ vsLPLACES DASHBOAR X g

€« C' [ miplapps2/places-dashboard/

LMST TIME: 22:38:57 LOCAL TIME: 17:14:07

Sol 999 MSL PLAC ES 05-29-2015
DASHBOARD

Overview Queries Mechanisms Observations SCLK Plots Preferences

A e

I

Target RMC Solar Longitude

349.782°

Currently Displayed: Site 48 Drive 458

Position Telemetry Orientation Position Localizations
Site 48: Quaternion Scalar: 0.499 Site 48:
Northing (x): 41.447 Quaternion Vector: (-0.040°, -0.042°,0.865°) Northing (x): 41.621

Easting (y): -4.461

Easting (y): -4.569
Down (2): 6.014

Down (2): 7.010

Global:
Northing (x): -276721.245
Easting (y): 8142488.988
Down (z): 4431.025
Planetocentric Latitude: -4.668454785°
Planetocentric Longitude: 137.368714282°

Global:
Northing (x): -276667.794
Easting (y): 8142635.981
Down (2): 4454.880
Planetocentric Latitude: -4.667553030°
Planetocentric Longitude: 137.371194139°
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MSLICE

- Tool used by science team to command instruments, but has a
significant visualization component which would be useful after
mission end.

MSLICE - Red MSA

= @leomsb|sHearamkEoR® = @Als]|0] - - BA=EHE® s
C | Search 82 = B[ @ [1718:63:2582] NAV_LEFT_B mosaic 52 = 0@ Detail 3 v =0
search € © 80 ' 90 ' ' '100° ' '110° ' 120° ' '130° ' '140° ‘© ‘150° ' '160° ' ‘'170° ' ‘180" ‘' '190° ' '200° ' ‘210" ' - :
Q, [ search [ product % || — Nothing selected
mosaic 3% ]
@ Navcam .
&° MOSsAIC .
19 wedges Sol 1718 RMC:€¥ || =

@ NIZ1900 e

@ MastcamLeft

Ao MOSAIC
8 wedges Sol 1718 <> RMC:¢

10 -

220 -

@ Navcam llay X Con| — 0O
A0 MOSAIC

3 wedges Sol 1718 RMC:¢ Opacity

230 -

Sol filter: /1713 | to 1721

(=) > [ZAEGIS Targetable Ari
| » [ Arm Reachability

[ »[Z]Point Of Interest Foc
() [ZREMS GTS

(= »[ZRMI Pointing

( [%/RSM Hardstop

(| [#Summary Footprints
[ »[&Sun Safety

V> [&]Targets

v »[&lTargets Priority

@ Navcam

Ao MOSAIC
2 wedges Sol 1718 <> RMC:€

40 -

50 -

.60

=5

Displaying: 36 of 3491 results
More | Mosaic Left Cylindrical B

\ ® Resources @ Plan Repository ® Remote Compiler
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MMGIS

JPL Multimission Instrument Processing Laboratory (MIPL)

- GIS system of programs, workflows, and Web interfaces to unite
mission basemaps (orbital imagery) with science products and
quicklook results in their proper geospatial context.

| p
" <« C' (@ https://miplmmgis.jpl.nasa.gov/mmgis/MMGIS/?mission=MSL&site=GAC&Ilat=137.37712383270264&lon=-4.661281766140718&zoom=17 DXd Dﬁ @ =

0% 10% 20% 30% 40% 50% 60%
Al203 (e:10) FeOT K20 Mgo [MNa20 [HSi02 Tio2 Justify to 100%

a
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W10N (Webification)

JPL Multimission Instrument Processing Laboratory (MIPL)

- General service that provides Web-enabled access to resources.
Used as a foundation for the Marsviewer services, among other uses.

) H /w10n/mer/mer2no_Oxxx/d... +

(» @ | https://pds-imaging.jpl.nasa.gc ¢ | Q search wBe O 3 A =

Index of /w10n/mer/mer2no_0xxx
/data/sol1196

/edr/2n232543282effatb4p1950r0m1.img

u /w10n/mer/mer2no_Oxxx/d... * \—"‘—
Name View-As Size Metadata @ @ | hitps://pds-imaging.jpl.nas ¢ | Q search wBa O 3 A =
Parent Directory Index of /wl10n/mer/mer2no_0xxx
ima if - *
reside g- - * / data/ 5011196
raster - - *

/edr/2n232543282effatb4p1950rOm1l.img

application:treevotee-0.9 .8/juneberry-0.6.1p1, spec:draft-20091228, type:imageio .vict / 0 / resized /

Name View-As Size Metadata
Parent Directory
64x48 gif - *
we4 gif - *
h48 gif - *

application:treevotee-0.9.8/juneberry-0.6.1p1, spec:draft-20091228, type:imageio vicario
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Jmars

JPL Multimission Instrument Processing Laboratory (MIPL)

- GIS system deployed by ASU. May have achieved enough success to
be self-sustaining, but if ASU pulls the plug, PDS could pick it up.

MARS OE (

fde View Places Body Jools Help

Lon, Lat 289 25€_ -4 25

[ Main |

Add New Layer

w Edit Selected

J

O
MOLA Shaded Relief / Colorized Elevation...
Be r - 0O
MOLA Shaded Relief (NE)

Be r - 0O

R188'E 298°N
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VICAR

JPL Multimission Instrument Processing Laboratory (MIPL)

- Image processing software suite (not server). It is 50 years old and
continuously maintained, but if support were to cease, PDS could
keep offering it for as long as it keeps running.
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Cassini VIMS Data Server

- Primary source for VIMS science data. Provides calibrated
observations on the fly, controlled by user parameters. Maintained by
VIMS ops team, but support is likely to end with the mission.

. Please choose a Period: 'S85 hobse 40D aelt myJobLabel L

VIMS_206TI_M90R3CLD212_ISS 11 V1790056808_1.QUB 64 64
VIMS_206SA_STORMWO14_RIDER V1790057815_1_001.QUB 20 1
VIMS_206TI_M90R3CLD214_ISS V1790057815_1_002.QUB 20 1
VIMS_207SA_STORMWO001_RIDER V1790057815_1_003.QUB 20 1
| VIMS_207TI_M60R3CLD216_ISS . V1790057815_1_004.QUB 20 1
. VIMS_207SA_STORMWO03_RIDER 1 V1790057815_1_005.QUB 20 1
VIMS_207SA_MIRMAP002_CIRS V1790057815_1_006.QUB 20 1
VIMS_207RI_COMPLLRES001_CIRS 1 V1790057815_1_007.QUB 20 1
VIMS_207TI_M30R1CLD225_ISS V1790057815_1_008.QUB 20 1
VIMS_207RI_APOMOSAIC001_PRIME V1790057815_1_009.QUB 20 1

A > % R Y
\.\ > \\,

V1575509158_1.QUB
V1578263500_1.QUB
| V1578263152_1.QUB
' V1790056808_1.QUB
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Titanbrowse

JPL Multimission Instrument Processing Laboratory (MIPL)

- Database and visualization service developed for Cassini VIMS,
provides queries based on full hyperspectral dataset and arbitrary
processing. Potentially applicable to any hyperspectral imaging
dataset, not just VIMS.

Band selection
70

I

Band
2,0342 pm

Display mode: Image —

Backplane selection
S| LAT_0
[FLare
~(FLAT2
~[PLar3

5 Display mode: None —

I Draw grid

|

4

1 Plot spectrum

Cube: CH_1477490933_1_ir_eg.cub
¥: 35 Z: 34 Value: 1,8942E-02

Lat: -9.205 Lon: 169,620
Alt: 0,0000E+00

Export cube
Export to variable:

Export to cube Filel
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Bit Rot

JPL Multimission Instrument Processing Laboratory (MIPL)

Software tends to “rot” over time
- Hardware becomes obsolete
— Dedicated frame buffers from the 1980’s
— Array co-processors
— 9-track tape drives
- CPU’s change
— 6502, PDP-11, Z-80, VAX
- Compilers change
— Language choices evolve (Pascal? Ada? COBOL?)
— Languages evolve
« Some “K&R” C from the 80’s doesn’t work with modern compilers
« Fortran IV vs. 77 vs. 2008
Networks evolve
— Protocols change over time (security!!)
— Anyone remember DECnet? BlTnet?
Operating systems change
— Backward compatibility maintained only so long
— MS-DOS anyone? CP/M? VMS? 0OS/3607?
— Compatibility issues even between versions of the same OS
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The Problem with Software

JPL Multimission Instrument Processing Laboratory (MIPL)

- Bit Rot means software is unlikely to work in the future
— Unless constantly maintained and updated
- Simply not credible that today’s software will work in 50+ years
- What about Virtual Machines?
— VM’s preserve a given operating environment
— Could help make old environments available for longer
— But will VM file formats still be readable in 50 years?
- 50 years is a pipe dream... but 5-10 years is feasible
— Especially with VM’s

e
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Why Medium Term?

- Interest in mission data is generally highest during and soon after the
mission
— Assertion without proof: majority of science results come within 5-10
years after a mission ends
— Data is likely “mined out” after that

« Exceptions: change detection, re-visits to same location with new
spacecraft

- This is exactly the timeframe that software can be expected to run
with minimal maintenance

I
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Long-Term is Vital

JPL Multimission Instrument Processing Laboratory (MIPL)

- The 50+ year archive of PDS is critical
— We are not proposing diluting or de-emphasizing that in ANY way
- Long-term users should be no worse off than they are now
— This must not be a crutch to skimp on the long-term archive
*  Medium-term simply provides more options
— Easier to work with the data
- Long-term users may benefit as well
— Examination of server source code, even if not running, can shed light

— Future mission visiting the same body may wish to resurrect expired
services

 Preserving them, even in non-running form, is crucial

e
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. How Might This Work?

- We do not claim to have all the answers; we are posing questions.
- Butin broad brush:
— Mission close-out activities include packaging relevant servers and software
into VM’s
— PDS nodes deploy these servers

— PDS nodes keep them running as long as possible without investing too
many resources

- PDS nodes cannot maintain them forever
— Pronhibitively expensive

- Minor fixes might be possible

— Original authors, or other interested parties, could update if they choose
« Open Source contributions

— No new data, so do not need ingest subsystems of servers
- Simplifies maintenance

— At some point, when it breaks, node simply turns it off
« VM, source code, other artifacts, still available

- Simply keeping the power on is very helpful
— Hard to do once mission ends and nobody is paying the bill

e
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Precedents

JPL Multimission Instrument Processing Laboratory (MIPL)

- Imaging Node has already deployed the Java Marsviewer client
— And the W10N server it needs
— Support for Web and iOS versions is planned
— Marsviewer is being actively maintained for future missions
- VICAR image processing system
— Continuous development for 50 years
— When a mission ends, code is simply left in place
« ”"Benign neglect”
» It mostly just builds and sits there in case it’s needed

- If it stops building, and the fix is non-trivial, code is obsoleted
— But generally only when it fails to build

— Application programs are simpler than servers
 But concept has proven to be useful

I
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Summary

JPL Multimission Instrument Processing Laboratory (MIPL)

« The authors feel the answer is:

YES!!

- PDS does need to support a medium-term archive of software servers
and services, which it simply runs as long as it can without requiring
major effort to maintain.

* So0... how do we make this happen?

- Contact info:
— Bob.Deen@jpl.nasa.gov
— Paulo.Penteado @jpl.nasa.gov
— Fred.Calef@jpl.nasa.gov
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